Background--Prenatal hypoxia is suggested to be associated with increased risks of hypertension in offspring. This study tested whether prenatal hypoxia resulted in salt-sensitive offspring and its related mechanisms of vascular ion channel remodeling.
H ypertension increases the probability of stroke, cardiovascular diseases, and renal failure and is the leading cause of death worldwide. It is well known that high dietary intake of salt plays a critical role in the pathogenesis of hypertension. Ingestion of large quantities of salt increases blood pressure (BP) in some individuals, whereas the BPraising effects of "salt loading" has little or no effects in others. 1 The interindividual difference in BP responses to salt loading has been called salt sensitive and salt resistant, respectively. It has been estimated that 30% to 50% of hypertensive people and %25% of normotensive people are salt sensitive. 2, 3 Consequently, it is important to identify potentially salt-sensitive patients who will benefit from prevention of salt-sensitive hypertension. Substantial evidence has demonstrated that fetuses exposed to adverse intrauterine environments may be predisposed to developing cardiovascular diseases, including hypertension, in later life. 4, 5 Although several previous studies have shown that male offspring rats exposed to environments such as placental insufficiency, 6 maternal protein restriction, 7 and maternal diabetes mellitus 8 were susceptible to hypertension, the effects and mechanisms of prenatal hypoxia on the development of salt-sensitive hypertension are largely unknown. Notably, hypoxia in utero is a common clinic complication that can be induced by preeclampsia, 9 placental insufficiency, 10 gestational diabetes mellitus, 11 and maternal obesity. 12 Other adverse conditions that induce chronic fetal hypoxia include high altitude, 13 maternal smoking, 14 and maternal respiratory disease. 15 Vascular dysfunction with increased arterial tone is a critical cause of hypertension. Vascular tone in small arteries and arterioles plays an important role in BP and depends on the contractile status of vascular smooth muscle cells (VSMCs). Mesenteric arteries are typical systemic arteries that regulate peripheral resistance. 16 Several reports have demonstrated that prenatal hypoxia was associated with long-term alterations in mesenteric artery functions, characterized by enhanced myogenic tone, 17 reduced nitric oxide-mediated vasodilation, 18 and increased arterial wall stiffness. 19 20 Whether and how those channels may be involved in mesenteric artery dysfunctions in offspring exposed to chronic prenatal hypoxia and postnatal high salt is still unknown. This is worthy of investigation that may provide better understanding of the mechanisms of vascular dysfunction caused by prenatal hypoxia and postnatal high salt intake that induce salt-sensitive hypertension in offspring. Using a rat model of gestational hypoxia from early pregnancy, this study assessed the effects of chronic prenatal hypoxia on electrophysiological properties of Cav1.2, BK, and K V channels in mesenteric artery smooth muscle cells (MASMCs) from adult male offspring, testing whether postnatal high dietary salt intake could exacerbate dysfunction in ion channels. We hypothesized that the offspring exposed to prenatal hypoxia could be salt sensitive and exhibit impaired Cav1.2, BK, and K V channels of MASMCs, especially following high postnatal salt consumption. The new information gained would provide a novel perspective for early prevention and treatments of salt-sensitive hypertension.
Methods
The data, analytic methods, and study materials will be made available to other researchers for purposes of reproducing the results. Material will be available from the Institute for Fetology, First Hospital of Soochow University, which is responsible for maintaining availability. All experimental procedures were approved by the Institutional Animal Care and Use Committee of Soochow University and performed in accordance with the National Institutes of Health guidelines (NIH Publication No. 85-23, revised 1996).
Maternal Hypoxia and Postnatal Diet Treatment
Sprague-Dawley rats were obtained at 4 to 5 months of age (Su Pusi Biotech., Suzhou, China) and acclimated for 1 week before mating. Throughout pregnancy, rats were provided with standard rat chow and tap water and housed in room with a 12-hour light/dark cycle and an ambient temperature of 23°C. The presence of a vaginal plug was defined as gestational day (GD) 0 following mating. On GD 5, pregnant rats were randomized to either the normoxia control group (n=12) or the hypoxia group (n=12) and housed, respectively, in control or hypoxic chambers continuously flushed with nitrogen gas to maintain an oxygen concentration of 10.5%. Rats were removed from chambers and allowed to give birth at GD 21. The litter sizes and birth weights of pups were recorded within 8 hours after delivery. Litters were reduced to 8 male pups at birth. 18 After weaning (4 weeks), male offspring from each group (control, n=24; hypoxia, n=24) were randomly provided either normalsalt diets containing 1% NaCl or high-salt diets (HS diets) containing 8% NaCl. Then, 4 groups were created: control offspring receiving a normal-salt diet (CNS; n=12 from 12 litters), control offspring receiving an HS diet (CHS; n=12 from 12 litters), hypoxia offspring receiving a normal-salt diet (HNS; n=12 from 12 litters), and hypoxia offspring receiving an HS diet (HHS; n=12 from 12 litters). The offspring were given the respective diets for 8 weeks before testing at 12 weeks of age.
BP Measurement
Male offspring at 12 weeks of age were used for in vivo measurement of BP, as described. 21 Briefly, the offspring were anesthetized with sodium phenobarbital (50 mg/kg IP), and a silicone catheter was implanted into the femoral artery. Following 2 days of recovery from surgery (n=11 per group), BP and heart rate were measured continuously in conscious and unrestrained rats using the Power-Lab system and software (AD Instruments).
Serum Electrolytes, Hematocrit, and Osmolality
Offspring blood samples were collected from the main abdominal artery at euthanization. Plasma electrolyte and hematocrit concentrations were measured using the GEM Premier 3000. Blood samples were centrifuged at 1240 g for 10 minutes, and plasma osmolality was measured using the Fiske Model 210 Micro-Osmometer.
Electrophysiology
Arterial myocytes were enzymatically dissociated from thirdorder mesenteric arteries, as described previously. 20 Only relaxed and spindle-shaped myocytes were used for patchclamp testing. Single and whole-cell currents were recorded using a Multiclamp 700B patch-clamp amplifier (Molecular Devices) with Clampex 10.1 software (Axon Instruments) and digitized with a Digidata 1440A interface sampled at 10 kHz and filtered at 2 kHz (À3 dB, 8-pole Bessel filter). All patchclamp recording was performed at 23°C. Borosilicate glass electrodes were pulled with a horizontal pipette puller (P-97; Sutter Instrument). For conventional whole-cell patch-clamp experiments, leak and capacitative transient currents were subtracted using a P/À4 protocol. Cell capacitance was measured using a 5-mV test pulse and correcting transients with series resistance compensation. Patch-clamp data were analyzed using Clampfit 10.1 software. Whole-cell current densities (picoampere per picofarad) were obtained for each cell by normalization of whole-cell current to cell capacitance. Whole-cell Ca V 1.2 currents were recorded in isolated myocytes using a conventional whole-cell patch-clamp configuration. Borosilicate glass electrodes (3-5 MO) were filled with internal solution containing (in mmol/L) CsCl 130, HEPES 10, MgCl 2 1.5, EGTA 10, Na 2 ATP 3, Na 2 GTP 0.1, MgATP 0.5, and glucose 10 (pH 7.2, adjusted using CsOH). The extracellular bath solution contained (in mmol/L) choline chloride 124, BaCl 2 20, HEPES 10, MgCl 2 1 , and glucose 5 (pH 7.4 with TENOH [tetraethylammonium hydroxide]). To record whole-cell Ca V 1.2 channel currents, 300-ms voltage pulses between À60 and +60 mV were elicited in 10-mV increments (10-second intervals) from a holding potential of À80 mV. Inward current-voltage relationships were obtained from the peak current during the 300-ms pulses. Voltage-dependent activation was obtained as G/G max =I Ba /[G Ba (VÀE rev )], where V is the step voltage, G Ba is the maximal conductance determined from the linear regression of the positive limb of the inward current-voltage relationships through the apparent reversal potential (E rev ), and I Ba is the peak inward Ba 2+ current at the corresponding command potential. Activation data were fit with the Boltzmann function, 1/{1+exp[(V h ÀV)/ k]}, where V h is the voltage producing half-maximal activation and k is the slope factor. Voltage-dependent inactivation was measured using 1-second conditioning pulses between À70 and +60 mV in 10-mV increments (10-second intervals) before a 200-ms stimulating pulse to 0 mV. The rate of current inactivation was calculated from the current decay during each 1-second conditioning pulse, and steady-state voltage inactivation was measured from the current generated during the 200-ms stimuli pulse to 0 mV. Voltage-dependent inactivation curves were fit with the Boltzmann equation: I/ I max =R in +(R max ÀR in )/[1+exp(VÀV h )/k], where I/I max is the relative peak current, V is the conditioning prepulse voltage, V h is the voltage for half-maximal inactivation, k is the slope factor, R max is the maximal inward current amplitude, and R in is the proportion of noninactivating current. Current inactivation kinetics data were fit to a single exponential equation: I t = (A9e (Àt/s) )+I 0 , where A is the inward current amplitude, I t is the current at time t, and I 0 is the residual current.
Conventional whole-cell mode was used to record wholecell K V channel currents (I Kv ) and resting E m . Myocytes were continuously superfused with a nominally Ca 2+ -free Tyrode solution containing (in mmol/L) NaCl 140, KCl 5.4, MgCl 2 1.2, glucose 5, and HEPES 10 (adjusted to pH 7.4 with NaOH). The patch pipettes (3-5 MO) were filled with a solution of (in mmol/L) KCl 140, MgCl 2 1, Na 2 ATP 2, EGTA 10, and HEPES 10 (adjusted to pH 7.2 with KOH). Cells were held at À80 mV, and whole-cell I Kv were elicited by voltage steps from À70 to +70 mV by stepwise 10-mV depolarizing pulses (400-ms duration, 10-second intervals) followed with a step to À40 mV for 200 ms. Recording was performed in the presence of 100 nmol/L BK channel blocker iberiotoxin.
Resting membrane potentials were measured with a current clamp (i=0 picoamperes) in the whole-cell mode using conventional whole-cell patches. Single BK channel current was recorded from inside-out patches under symmetrical K + (145 mmol/L) conditions.
Borosilicate glass electrodes (13-15 MO) were filled with pipette solution containing (in mmol/L) KCl 145, EGTA 1, glucose 5, and HEPES 10 (pH 7.2 adjusted using KOH). Extracellular bath solution contained (in mmol/L) KCl 145, EGTA 1, glucose 5, and HEPES 10 (pH 7.4). CaCl 2 was added to achieve the desired free-Ca 2+ concentrations in the bath solution, as determined using WinMAXC software (Chris Patton, Stanford University; http://maxchelator.stanford.edu/ webmaxc/webmaxcS.htm). Only recordings with stable open probability (P o ) values for a minimum of 2 minutes were analyzed. BK channel number, P o , and conductance were determined from all-point amplitude histograms. The number of BK channels per patch was determined under conditions of maximal channel P o (at +80 mV and in the presence of 10 lmol/L free intracellular Ca 2+ ). 22 
Western Blotting
Small mesenteric arteries were homogenized in tissue lysis buffer solution containing (in mmol/L) Tris-HCI buffer 50, EDTA 0.1, EGTA 0.1 (pH 7.5), 1% wt/vol Na deoxycholic acid, 1% vol/vol NP-40, and 0.1% vol/vol SDS, with a cocktail of protease inhibitors, followed by sonication (20 minutes at 4°C). Tissue debris and nuclear fragments were removed by centrifugation at 13800 g (30 minutes, 4°C), and whole tissue lysates were obtained as the supernatant. The protein concentration was measured using the Bradford protein assay. An equal amount of protein (40 lg) was loaded for each tissue lysate. Proteins were subjected to gel electrophoresis under reducing conditions on a 7% to 12% polyacrylamide gel (7% for a1C, 10% for BK a and K V 1.5/2.1, and 12% for BK b1) and then electrophoretically transferred to a polyvinylidene fluoride membrane (Immobilon-P; Millipore). Membranes were then blocked with 5% nonfat milk prepared in Tris-buffered saline containing 0.1% Tween-20 (1 hour, room temperature) and incubated overnight at 4°C with subunit-specific primary antibodies reconstituted in 5% milk. Specific polyclonal antibodies raised against a1C (1:200), BK a (1:500), BK b1 (1:500), K V 2.1 (1:500), and K V 1.5 (1:500) or monoclonal antibody against b-actin (1:5000) were used. Membranes were then incubated for 1 hour at room temperature with horseradish peroxidase-labeled antirabbit (1:5000), antigoat (1:5000), and goat antimouse (1:5000) in Tris-buffered saline containing 0.1% Tween-20 containing 5% nonfat dried milk. Membranes were then washed with Trisbuffered saline containing 0.1% Tween-20 (3 times, 10 minutes per rinse), The immunoreactive bands were identified by enhanced chemiluminescence, and signals were recorded with an EC3 Imaging System (UVP). Densitometry for immunoreactive bands was performed with Quantity One software (Bio-Rad). b-actin was used as input control for normalization. Density was expressed as a percentage of CNS.
Statistical Analyses
Data are expressed as the meanAESEM. Comparisons between groups were analyzed with an unpaired t test, 1-way ANOVA followed by a Turkey post hoc test, or 2-way ANOVA followed by a Bonferroni post hoc test for multiple group comparisons, as appropriate (for some patch-clamp data analysis). GraphPad Prism 5.0 software or Origin 8.0 software (OriginLab) was used. P<0.05 was considered statistically significant.
Results

Body Weight
The birth weight of hypoxia-exposed rats (5.72AE0.11 g) was significantly reduced (P<0.001) compared with control (6.31AE0.08 g) at birth ( Figure 1A ). At 12 weeks old, the body weight was not significantly different in CNS (379.1AE7.94 g), HNS (375.3AE8.35 g), CHS (382.0AE9.01 g), and HHS (371.4AE7.96 g) rats (n=8 per group; Figure 1B ).
Blood Pressure
After 8 weeks of normal-or high-salt feeding, heart rate did not differ between the hypoxia and control groups. Systolic BP, diastolic BP, and pulse pressure were similar among CNS, HNS, and CHS rats (Table 1) . However, systolic BP, diastolic BP, and pulse pressure were higher in HHS offspring than that in CNS, HNS, and CHS offspring (Table 1 ). 
Blood Values
Blood values are shown in Table 1 . No significant differences were observed in serum electrolytes (Na + , K + ), plasma osmolality, and hematocrit among the 4 groups after 8 weeks of feeding with either normal-salt or HS diets.
Cav1.2 Channel Currents in Mesenteric Arterial Myocytes
Conventional whole-cell patch-clamping was used to examine the effect of prenatal hypoxia and HS diets on voltagedependent Cav1.2 channel currents in freshly dissociated mesenteric arterial myocytes. Rectangular pulses (300-ms duration) of various command potentials were applied in the presence of 20 mmol/L Ba 2+ as a charge carrier. Mean cell capacitance was the same among the 4 groups (CNS=15.69AE0.38 pF, n=44 cells from 10 animals; HNS=15. 87AE0.29 pF, n=48 cells from 11 animals; CHS=15.78AE0. 77 pF, n=44 cells from 7 animals; HHS=16.44AE0.39 pF, n=39 cells from 7 animals.). Figure 1E illustrates examples of the whole-cell Ca 2+ currents recorded in MA myocytes in the absence and presence of Bay K8644 or nifedipine. In Figure 1B , the density of the peak inward current was plotted against the corresponding command potential (inward current-voltage relationship of Cav1.2). The peak density of the baseline voltage-dependent inward Ba 2+ current was maximal at +20 mV in all 4 groups ( Figure 2B ). Bay K8644 (5 lmol/L) increased the peak inward Ba 2+ current and negatively shifted the inward current-voltage relationship (peak Cav1.2 current densities shifted to 0 mV), whereas nifedipine (1 lmol/L) almost completely inhibited the inward currents. These results suggest that the recorded inward currents were Ba 2+ currents through Cav1.2 channels. The Cav1.2 channel current densities at +20 mV were smaller in the HHS group than in other groups, whereas the current densities were similar among the CNS, CHS, and HNS groups at À60 to +60 mV ( Figure 2B and Figure 2C and 2D, Table 2 ). Cav1.2 current inactivation rates were the same in the 4 groups ( Figure 2A and Figure 2E ). Figure 2F shows the presence of a 190-kDa band in mesenteric arterial tissue from the 4 groups, corresponding to the pore-forming a1C subunit of Cav1.2 channels. The bar plot shows that the expression of a1C-subunit protein in HHS mesenteric arterial tissues was significantly decreased compared with the cells from other groups ( Figure 2E ).
Resting E m and Kv Channel Functional Expression in VSMCs
Resting E m is a primary determinant of vascular tone via regulation the activity of L-type Ca 2+ channels. 23 Current clamp recording showed that resting E m was more depolarized in MASMCs of HHS relative to CNS, HNS, and CHS cells (n=10 in each group; Figure 3A. ). I Kv is the major regulator of the resting E m in rat MASMCs. 24, 25 We used conventional whole-cell patch-clamp Osmolality, mOsm/kg 299.3AE2.3 (7) 300.3AE2.1 (7) 301.4AE4.1 (7) 301.0AE2.9 (7)
The number of experimental animals in each group is shown in parentheses. Values were determined using 1-way ANOVA followed by Turkey post hoc analysis and are shown as meanAESEM. CHS indicates control offspring receiving a high-salt diet; CNS, control offspring receiving a normal-salt diet; DBP, diastolic pressure; HHS, hypoxia offspring receiving a highsalt diet; HNS, hypoxia offspring receiving a normal-salt diet; HR, heart rate; PP, pulse pressure; SBP, systolic pressure. *P<0.01 vs HHS.
recording to examine whether a reduced I Kv contributed to the depolarized resting E m in HHS cells. Figure 3B shows 4 sets of representative I Kv traces recorded from the myocytes isolated from CNS, HNS, CHS, and HHS offspring. I Kv was smaller in HHS cells than in the other groups (n=10, P<0.05). Figure 3B shows the current-voltage relationship of I Kv between those cells, as I Kv values were smaller in HHS cells than in the others at the highest voltages tested (À10 to +70 mV; P<0.05). These data suggested that a reduction of I Kv contributed to the depolarized resting E m in HHS cells.
Because I Kv is thought to be produced by K V 1.5 and K V 2.1 channels, the predominant K V isoforms expressed in mesenteric artery myocytes in rats. 26, 27 We used Western blot to examine K V 1.5, or K V 2.1 protein in mesenteric arterial tissues.
In accordance with the reduction of I Kv , analysis revealed downregulation in K V 2.1 protein expression in HHS compared with CNS, HNS, and CHS offspring (n=6 per group, P<0.05; Figure 3C ). No significant difference in K V 1.5 protein expression was observed in mesenteric arterial tissues among the CNS, HNS, CHS, and HHS groups. 2+ currents in mesenteric myocytes from the CNS, HNS, CHS, and HHS groups. E, The rate of Cav1.2 current inactivation (s) was similar in CNS (n=24 cells from 10 animals), HNS (n=21 cells from 11 animals), CHS (n=16 cells from 7 animals), and HHS (n=12 cells from 7 animals) cells. F, Western blots of Cav1.2 channel (a1C) subunit (190 kDa) proteins in CNS, HNS, CHS, and HHS mesenteric arteries (n=6 animals per group). The bar plot shows the relative amount of a1C subunit protein in 4 groups. ***P<0.001 vs HHS. CHS indicates control offspring receiving a high-salt diet; CNS, control offspring receiving a normal-salt diet; HHS, hypoxia offspring receiving a high-salt diet; HNS, hypoxia offspring receiving a normal-salt diet; pA/pF, picoampere per picofarad; G/G max , the relative conductance; I/I max , the normalized peak current.
Properties of Single BK Channels and Expression in Mesenteric Arterial Myocytes
We compared the properties of single BK channels in MASMCs from the 4 groups using an inside-out patch-clamp methodology. Figure 3A shows representative traces of single BK channel currents in excised inside-out membrane patches from MASMCs of CNS, HNS, CHS, and HHS offspring at À40 mV and in the presence of 2 physiologically relevant concentrations of intracellular free Ca 2+ (3 and 10 lmol/L). Figure 4A ). Conversely, no differences in P o values in CNS, HNS, and CHS offspring were observed (P>0.05; Figure 4A) . The mean open dwell times of BK channels in the cells from HHS offspring were decreased compared with CNS, HNS, and CHS cells (P>0.05, n=7 animals per group; Figure 4B ). The number of BK channels per patch, an indication of the density of a subunits in the plasmalemma, was determined under conditions of maximal channel P o (at +80 mV and in the presence of 10 lmol/L free intracellular Ca 2+ ). We found no difference in the average number of BK channels per patch in CNS (2.31AE0.35 channels), HNS (2.08AE0.31 channels), CHS (2.15AE0.27 channels), and HHS (2.39AE0.29 channels) myocytes (P>0.05, n=13 patches from 7 animals for each group; Figure 4D ). Single-channel slope conductance was also not altered in the cells from CNS, HNS, CHS, and HHS offspring (P>0.05, n=6 animals per group; Figure 4C ). To identify whether changed molecular constitution of channels caused the functional alteration of BK channels in MASMCs of HHS offspring, we determined the protein expression of BK channel a and b1 subunits in mesenteric arteries from 4 groups, using Western blot analysis. Representative immunoblots, depicted using bar graphs ( Figure 4E ), show no significant differences in expression of the BK channel a-subunit protein in small mesenteric arterial tissue among CNS, HNS, CHS, and HHS cells, whereas the expression of the BK channel b1 subunit was significantly reduced in HHS cells compared with other groups (n=6 animals per group).
Discussion
This study investigated influence of chronic hypoxia in pregnancy on BP and Cav1.2, BK, and K V channel functions in offspring and determined whether cardiovascular risks would be further increased if postnatal diets were unhealthy (eg, high-salt food). The main findings are as follows: (1) Prenatal hypoxia not only significantly elevated BP in the young adult offspring with normal diets but also induced hypertension if postnatal HS diets were introduced; (2) whole-cell Cav1.2 channel current density and protein expression were decreased in the MASMCs of HHS offspring, not in the other 3 groups; (3) the resting E m was more depolarized in the MASMCs from HHS offspring, probably because of a decrease in K V channel conductance; (4) the Ca 2+ sensitivity of BK channels was attenuated in the MASMCs of HHS offspring with reduced expression of BK channel b1 subunits. Those novel results suggest that prenatal insults plus postnatal unhealthy diet produce higher cardiovascular risks in offspring. The possible underlying mechanisms may include electrophysiological remodeling of Cav1.2, BK, and K V channels in the smooth muscle cells of mesenteric arteries. This study demonstrated that the resting BP was not significantly changed in prenatal normoxia and hypoxia offspring with postnatal normal diets at 12 weeks of age. The prenatal normoxia offspring fed with HS diets also did not show significantly increased BP, consistent with previous reports. 6, 28 In contrast, prenatal hypoxia plus HS diets for 8 weeks from weaning significantly increased BP at 12 weeks old. A previous study reported that postnatal HS diets did not alter BP in the mouse offspring exposed to prenatal hypoxia during late gestation. 19 The other studies demonstrated that salt loading (8% NaCl) in the male offspring rats that were exposed to adverse in utero conditions (uteroplacental dysfunction and gestational diabetes mellitus) induced hypertension in the offspring. 6, 8, 10, 11 Our results supported the notion that the offspring that suffered from chronic hypoxia in utero had a salt-sensitive phenotype in the development of hypertension if an HS diet was introduced after birth. This piece of new information may lead to early prevention of hypertension by reducing daily salt consumption for those children and young adults with a history of prenatal hypoxia. To determine underlying mechanisms, a series of experiments were conducted. Given that abnormalities of salt loading expanded plasma volume, contributing to the pathogenesis of salt-sensitive hypertension, 29, 30 we tested serum concentrations of sodium and potassium, plasma osmolality, and plasma volume reflected by hematocrit. There were no significant differences among the 4 groups, suggesting that the observed cardiovascular changes in the present study were not linked mainly to vascular volume factors. Another possible mechanism to account for why salt-sensitive hypertension occurred in chronic prenatal hypoxia offspring was anomalous peripheral vascular resistance. 31 We considered possibilities that chronic salt loading may cause the mesenteric arteries of the prenatal hypoxia offspring to be more sensitive to vascular functional changes associated with decreased Cav1.2 current density and protein expression. In support of this view, increased BP in HHS rats indicated possible vascular stiffing (a characteristic of vascular aging). If vascular stiffening exists in the hypertensive offspring, vascular smooth muscle cells may be changed into a synthetic phenotype characterized by increased migration, proliferation, and synthesis of extracellular matrix proteins. 40 Notably, it is known that changes in VSMC phenotype from a contractile to a synthetic phenotype are associated with downregulation of Cav1.2 current and expression, [41] [42] [43] as observed in the present study. However, more evidence should be obtained through further investigation. Membrane potential of arterial myocytes, controlling the magnitude of steady-state Ca 2+ influx across the membrane through Cav1.2 channels, is a major determinant of vascular tone. 44 The E m of arterial myocyte depolarization could thus increase activity of Cav1.2 channels. Although our data showed a decrease in densities of Cav1.2 channels, the more depolarized resting E m (the depolarized state) of the MASMCs from HHS rats conferred an increased P o . At the resting E m of À40 mV, À38 mV, and À39 mV in the myocytes of CNS, HNS, and CHS rats, respectively, there was little activation of Cav1.2 channels, with the result that extracellular Ca 2+ influx through these channels was minimal. However, at an E m of À25 mV in the myocytes of HHS rats, Cav1.2 channels were more activated and did not show full inactivation (window current sensitivity of BK channels in MASMCs of HHS rats. Although the nature of those changes, the decreased expression of the BK b1 subunits, and the unchanged a subunits would augment the disproportionately lower ratio of BK b1/a subunits in the development of hypertension. That lower ratio of BK b1/a subunits could thus decrease the Ca 2+ sensitivity of BK channels in the hypertensive myocytes. Based on these findings, a model for a mechanistic explanation of prenatal insults plus postnatal salt loading leading to salt-sensitive hypertension was proposed (Figure 5) . Briefly, downregulation of K V 2.1 channels resulted in resting E m depolarization in the myocytes of salt-loading offspring exposed to prenatal hypoxia. In addition, because of reduced b1 subunits of BK channels, BK channels became insensitive to high local Ca 2+ produced by Ca 2+ sparks, lowering activity of spontaneous transient outward currents and leading to a decreases in transient hyperpolarizations at a given membrane potential. Together, resting E m depolarization and decreased transient hyperpolarizations may cause inflow of more Ca 2+ into cytosol through the fewer functional Cav1.2 channels in myocytes of salt-loading offspring with prenatal hypoxia; this may result in increased vascular tone, contributing to the development of hypertension in salt-loading offspring with prenatal hypoxia. It should be acknowledged that the causal relationship between electrophysiological remodeling of vascular channels and development of salt-sensitive hypertension cannot be concluded. The electrophysiological remodeling of vascular channels might be secondary to arterial pressure alterations. Further analysis of the time course of the changes in functional vascular channels and the elevated BP during the ingestion of HS diets would help determine whether the relationship between these 2 parameters is associative or causal.
Perspectives
In conclusion, we showed that young adult male offspring exposed to chronic gestational hypoxia acquired salt-sensitive hypertension by chronic high salt intake. Based on the findings, we suggested that offspring who suffer from prenatal insults, such as preeclampsia, maternal smoking, and high altitudes, may tend toward a salt-sensitive phenotype. 
